A B S T R A C T A possible role for cyclic adenosine-3',5'-monophosphate (cAMP) in islet B cell replication was examined in neonatal rat pancreatic monolayer cultures. Islet cells deteriorated and insulin release decreased during 12 d of culture in medium with 5.6 mM glucose, whereas the cells survived and insulin release increased during culture in medium with 5.6 mM glucose plus the phosphodiesterase inhibitor, 3- isobutyl-l-methylxanthine (IBMX, 0.1 mM), or in medium with 16 .7 mM glucose with or without IBMX. IBMX also increased the mitotic index and stimulated dose-dependent increases in [3H]thymidine incorporation in nuclei of islet B cells in aldehydethionine stained radioautographs; maximal stimulation of B cell replication occurred with addition of 0.1 mM IBMX to 5.6 mM glucose (+170%, P < 0.001), and this increase was similar to that observed with 16.7 mM glucose (+185%, P < 0.001). Also, 8-bromo-adenosine-3',5-monophosphate, but not 8-bromo-guanosine-3',5'-monophosphate produced dose-dependent increases in islet B cell replication in medium with 5.6 mM glucose. Measurement of cAMP levels in the cultures revealed dissociations between effects on B cell replication and insulin release. Thus, addition of 0.1 mM IBMX, or 0.1 nM cholera toxin, to 5.6 mM glucose produced slightly greater increases in cAMP levels and B cell replication than did 16.7 mM glucose, whereas insulin release was increased significantly more with 16 (15-20 mM) has been shown to increase glucose metabolism (1, 2), insulin release and content (3) (4) (5) (6) , and insulin biosynthesis (7) , and also to improve the survival (6) and to stimulate the replication (8) (9) (10) (11) of islet B cells. Glucose has also been reported to stimulate adenylate cyclase (5, 12) and to increase cyclic adenosine-3',5'-monophosphate (cAMP) levels (13) Green ancd Taylor (26) . cAMP assays. After collection of media and washing three times with PBS, the cultures vere extracted in 6% trichloroacetic acid and their cAMP content was meastured by using a radioimmunoassay kit (New England Nuclear, Boston, Mass.), and employing an acetylation method (27) (Table II) . Similarly, addition of 0.1 mM IBMX to 5.6 mM glucose increased the B cell mitotic index by 83% (P < 0.001), and this was not significantly different from the effect observed with 16.7 mM glucose, without or with 0.1 mM IBMX.
The dose-dependent effects of IBMX on [3H]thymidine incorporation in islet B cells are shown in Fig.  3 . In medium containing 5.6 mM glucose, increasing concentrations of IBMX (from 1 aM to 0.1 mM) produced progressive increases in B cell labeling, whereas the highest concentration of IBMX tested (1 mM) was ineffective. Similarly, Fig. 4 shows that, in medium containing 5.6 mM glucose, islet cell survival was progressively improved by addition of IBMX, from 1 ,uM to 0.1 mM, whereas 1 mM IBMX was toxic to the cells. IBMX on B cell labeling in medium with 5.6 mM glucose (+ 170%, P < 0.001) was similar to the effect of 16.7 mM glucose (+185%, (Fig. 4) . Because the phosphodiesterase inhibitor IBMX increases tissue levels of both cAMP and cGMP (28), these two cyclic nucleotides were tested, separately, for possible effects on islet B cell replication (Fig. 5) . (Table III) . Addition of 0.1 mM IBMX to 5.6 mM glucose produced a slightly greater increase in cAMP (+ 118%, P < 0.05) than did 16.7 glucose (+68%, P < 0.01), and this was accompanied by a slightly greater increase in B cell replication with 5.6 mM glucose plus 0.1 mM IBMX (+214%, P < 0.001) than with 16.7 mM glucose (+ 159%, P < 0.001). In contrast, 16.7 mM glucose increased insulin release to a significantly higher level than that observed with 5.6 mM glucose plus 0.1 mM IBMX (P < 0.001). Addition of0.1 mM IBMX to 16.7 mM glucose stimulated further significant increases in cAMP levels and insulin release in the cultures, whereas B cell replication was not increased significantly above the level observed with 16.7 mM glucose alone. In another experiment, addition of0.1 nM cholera toxin to 5.6 mM glucose produced greater increases in cAMP (+ 165%, P < 0.01) and B cell replication (+166%, P < 0.001) than did 16.7 mM glu- cose (+49%, P < 0.05; and + 110%, P < 0.001, respectively), whereas insulin release was increased to a significantly higher level with 16.7 mM glucose than with 5.6 mM glucose plus 0.1 nM cholera toxin (P < 0.001). Addition of 0.1 nM cholera toxin to 16.7 mM glucose stimulated further increases in cAMP levels and insulin release in the cultures, whereas B cell replication was not significantly different from that observed with 16.7 mM glucose alone.
DISCUSSION
There is now abundant evidence that cyclic nucleotides have a profound influence on cellular growth and differentiation in a variety oftissues (29) . Possible inter- (31) . Maintenance of adult rat islets in culture medium with dibutyryl cAMP has been shown to increase the recovery of insulin in medium and islets after 8 d of culture (32) . Also, the phosphodiesterase inhibitor, IBMX, has recently been reported to promote the formation of islet cell monolayer cultures from isolated rat islets (33 (34) .
A dissociation between the effects of cAMP on B cell replication and insulin release was also reported by King et al. (11) , who found that high concentrations of theophylline (-1 mM) significantly decreased B cell replication in neonatal rat pancreatic monolayers cultured in the presence of a high (16.5 mM) glucose concentration. We also found that lower concentrations of I'BMX (1 ,uM to 0.1 mM) decreased B cell replication slightly in medium with 16.7 mM glucose, and 1 mM IBMX decreased B cell replication markedly (Fig. 3) , however the latter effect was accompanied by toxic effects to the islet cells (Fig. 4) . These observations highlight the importance of assessing effects of cyclic nucleotides on cell replication at lower, possibly more physiological concentrations.
It has been assumed in the present work that measurements of cAMP in the cultures reflect levels of this nucleotide in islet B cells. This is likely to be the case, since we have found that the proportion of B cells (aldehyde-thionine positive) in the monolayers averaged 88% (range, 82-92%), and this figure is in agreement with the value of 86% B cells in isolated islets of adult rats (35) . Nevertheless, a possible contribution of other islet cell types to the measured levels of cAMP must be borne in mind.
In conclusion, we have demonstrated that agents that increase cAMP levels in pancreatic islet cell monolayer cultures also stimulate replication in the islet B cells.
Because the effects ofthese agents (IBMX, 8-Br-cAMP, cholera toxin) on B cell replication were maximal at a low glucose concentration (5.6 mM), and since a high glucose concentration (16.7 mM) also increased the level of cAMP in the cultures, it is proposed that this cyclic nucleotide may mediate the stimulatory effect of glucose on B cell replication. Finally, since a limited ability of the islet B cell to replicate may contribute to the pathogenesis of diabetes mellitus (36) , further study of mechanisms involved in cAMP-induced B cell replication appears warranted.
